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does not compete with primer binding, and the amplification reaction proceeds at

a constant exponential rate.
There are many diagnostic assays that utilise PCR and rely on the
quantification of the amplified products. For accuracy and precision, it is
25 necessary to collect quantitative data at a point at which the sample is in the
exponential phase of amplification (this is important as it is the exponential
phase that provides reproducible results). The need to monitor the amplification
reaction can slow down the time taken to complete the diagnostic assay due to
the need to take samples of the amplification products and determine the

30 quantity of amplified products present at different time stages.



2 PCT/ G2004/ 003086 Real -time PCR automates this

process by quantitating reaction products

WO War’e7i n every anplification cycFe. Thi s f&9@¥§%§moym6
relies upon the detection d quantification of a
fluorescent reporter nolecul®, the signal of which

'aE;n::%%&}ﬁ:;n%o%c‘aéfaﬁtﬁét%%?@%b?q%g ol BTRHR iction products
rcla i , ot ; . .

GHFREE il Y PLBLLBal U TR et coteton e
[ b ctidrBn P ERahErRC atinar ofas Bdoresositt iepbityr meteaimahe signal of

range over traditional (end point) P t her .
uibArincbaseer SRECPPPPO N Pager AN FERT P qact i @
Orf athl s system The di sadvantages are due primarily
ti¢acH@.use of the fluorescent |abels required in

real - Ln RO b6 iy epAmaratigiaytitapleesali its whi
wegalitmeRCRits which rel
such Iaber are used. The fl ugrescent | abel s nust be Y

g(i#g EE?icg;wgmggﬁslgty?gma@wﬁs. b(r)]t hinterms of the
abi | i tAltherghieahing R et F%F%P?%%ng‘? q%?fdéﬁaﬁheﬁahge over
E&gg@rggglﬁéﬁp Ré&@r PEBEDglarOhreyQsmbavstiherbat difficulties helating to

_ ore_’restrlcted and affects the
e Bf thisbydtéml ePriondispossitdges. arBuduenprimarilgito the use of the

dsonssgoabs redutecig s OB EEER By g v
¢ SHEN !@%%l&ﬁe?;g{:%@g; hlg‘}eoﬁ yzésce Y Bbeld hubtedhighiycdhemitally stable,

0se em ssion spectra are

S l%%gﬁ i"nﬂ%ér?j(s §ﬁﬁ@ lawRslint 6f excitatiorelight theyataneatisosh and BeifaDility to
hal'T - wi dt or organic fluorescent dyes is._about
4QyifBtamehihedemperaiue eqeirgs il MeoP CRIYOSSSE | gﬁg pumber of dyes

spect is limted . ' '

f |ay@_p|étglgg{qfs sg«i:rgn ﬁgﬁ?ogggse}ggﬁe%ﬁbt@}%g@{éﬁsgﬂg& %gectylﬁe amount of
Sﬁ{n‘él'ti?fegf?\fg ;%’chcéfb‘ié? Ne,rdfert forbutRe bfut MRiphadvg inguiobart fluorescent
d cte sufficient sensitivity. The use, o
;L%ﬁﬁmdt aﬁgﬂw dyairstbegetwmust W%Zm%(ﬁﬁog\@%i%%om the other

€ .

Ghene el ek S R lpef AL Shocta ar
KOGy 260930 IURRE NRE Sy bRaRefeutire apnl hale ot for organic

er 'process a d therefore care nust be
t afRsteyhinh Gekeistabuyt t40e80 senomatass dndnibei widh f the available

?rgisgn%ﬁm itsg if&mgtéxgi?ﬁt%‘ s\g;hHlﬁchh ffl&eﬂ%%%ﬁ g@%g of each dye
lt Lgufgﬁ% ﬁ)rrebsedﬁic%n@ YR5 55 S6 Hat RER ehfoneretambe tistauted with
sufficient sensitivity. The use of fluorescent labels also limits the polynucleotide
sequence that may be used as a probe for attachment to the amplified product,
as guanine residues are known to act as quenchers in a fluorescent resonant
energy transfer process and therefore care must be taken when selecting the
sequences immediately adjacent to the position at which the fluorescent
molecule is attached to the amplified product.
The limited number of fluorescent molecules available and the common
use of a monochromatic energising light source also limits the extent to which
multiplexed real-time PCR canbe carried out, i.e. there is a limit to the number of

different polynucleotides that may be amplified and detectedina single reaction.
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The method of the invention can be carried out without the requirement for
fluorophores and therefore overcomes the disadvantages associated with the
use of fluorophores. Alternatively, if fluorophores are used, an increase in the
level of multiplexing may be achieved by utilising a polynucleotide-binding
molecule located in a spatially defined position. In addition, the method of the
invention can be carried out on a real-time basis, without the need to obtain
samples during the amplification process. Real time multiplexed monitoring of

an amplification reaction can therefore be achieved.
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contain a site-specific polynucleotide binding
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BinkRvise interacts with a polynucleotnde The molecule may be any molecule
that binds to a polynucleotide in a specific or non-specific manner. The molecule
may interact with a polynucleotide which is in a double-stranded or single-
stranded form. Molecules which interact with polynucleotides will be apparent to
the skilled person. In one embodiment, the molecule is a protein and may be a
DNA or RNA-binding protein. Suitable proteins may be recombinant proteins
which have been modified to contain a site-specific polynucleotide binding
domain. Such domains are well known in the art, and are disclosed in Duncan et
al., Genes Dev., 1994; 8(4). 465-80. Examples of proteins which interact with
polynucleotides and which are therefore within the scope of the present
invention include: helicases, transcriptases, primases and histones.

In a particularly preferred embodiment, the molecule is a polymerase

enzyme which may be utilised in the amplification reaction. Accordingly, the
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‘conventional’ FRET based real-time PCR labelling techniques are employed.

In this way detection is simplified and background is reduced. Such labelling
schemes include the nuclease and Tagman assays which are available
commercially. Other non- FRET based fluorescent dye systems are also within
the scope of the present invention.

In a further embodiment, the molecule is a single-stranded polynuclectide
having a sequence (or part of the sequence) that is complementary to at least
part of the amplified polynucleotide. In this embodiment, a plurality of such
polynucleotides can be immobilised on a support material and hybridisation of

the amplified polynuclectides onto the immobilised polynuclectides can be
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arrays. The molecules may therefore be single molecules that are immobilised
on the support so that they can be identified individually, or different types of
molecules may be positioned in separate regions of the support.

In a preferred embodiment of the present invention, immobilised probe
molecules are arrayed on a support material and the amplification reaction is
carried out in the same enclosed vessel as the array. Hybridisation between
amplified products and complimentary sequences is then monitored either
throughout or at set points within the amplification reaction (i.e. between the
same temperatures during subsequent amplification cycles) in order to obtain
quantitative information on the concentration of the polynucleotide of interest. In

this embodiment, a number of techniques for detection of hybridisation may be
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to this embodiment, the original target polynucleotide or amplified product is
brought into contact with the primer molecule under conditions suitable for
hybridisation to occur. The interaction between the primer molecule and the
target can be monitored prior to or during the amplification reaction, so that a
quantitative measurement can be taken. Products amplified from the reaction
will also hybridise to other “free” primer molecules, to thereby initiate a further

amplification reaction. In this embodiment, the solution phase primer molecules
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which utilise a specific substrate to generate a detectable signal.

Techniques for immobilising molecules to support materials are known to
those skilled in the art. Suitable support materials will also be known, and the
choice of a suitable material may depend on the detection technique, as many
techniques that monitor changes in radiation require specific substrates. For
example, in the case of Raman enhancement, surfaces of suitably roughened
gold, silver, copper or other free-electron metals, may be employed. Other such
substrates include those that support surface enhancement of the Raman
activity. Such activity is observed with metal colloidal particles, metal films on

dielectric substrates, and with metal particle arrays.
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detection bbiRel dignal arising from second or third harmonic generation.
Single-molecule resolution using second or third harmonic generation
(hereinafter referred to as SHG) is known in the art (Peleg et al., Proc. Natl.
Acad. Sci. USA, 1999; 95: 6700-6704 and Peleg et al., Bioimaging, 1996; 4: 215-
224). Suitable systems are described in WO 02/095070.
In one embodiment, detection is carried out in solution phase (i.e. the
molecules are not immobilised), using raman scattering and/or LSPR technigues.
When light is directed onto a molecule, the vast majority of the incident
photons are elastically scattered without a change in frequency. This is termed
Rayleigh scattering. However, the energy of some of the incident photons

(approximately 1 in every 107 photons) is coupled into distinct vibrational modes
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Reaysn Thespechsnismh bpwhich this surface-enhanced Raman scattenng takes
place is not well understood, but is thought to result from a combination of (i)
surface plasmon resonances in the metal that enhance the local intensity of the
light, and ; (ii) formation and subsequent transitions of charge-transfer
complexes between the metal surface and the Raman-active molecule.

Within a preferred embodiment of the present invention, Surface
Enhanced Raman Scattering (SERS) is employed via the use of single gold or
silver nanoparticles. In a preferred embodiment, single stranded polynucleotide
probes are bound to single SERS nanoparticles. A Raman enhancing metal

nanoparticle that has associated or bound to it a Raman-active molecule(s) can
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%ﬁ%@&@aﬁﬂ"ﬁaﬁhéﬁ cegtiauration wheretnedwntensity oftie light etlected from
the sensor is monitored. This technique, considered to be one of the most
sensitive, is described in J. Homola et al, Sensors and Actuators B 54, p.3-15
(1999) and has a detection limit of 5x107 refractive index units. Measuring SPR
phase changes can further increase the sensitivity of the sensor by one or two
orders of magnitude. This is described in Nelson et al, Sensors and Actuators B
35-36, p. 187 (1996) and in Kabashkin et al, Optics Communications 150, p.5
(1998). Prior art interferometric devices such as a Mach Zehnder device have
been configured to measure variations in the refractive index at the sensor

surface via phase shifts. This is disclosed in International Patent Publication
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able to support surface electromagnetic waves (SEWSs). The optical beam
passes through a glass prism on which the metallic film is mounted. A near-
infrared laser is used as the illumination source. Using a near-infrared source
has the advantage of long propagation length for surface plasmons in gold and
silver while conventional optics can be still used for imaging and illumination.
However, other monochromatic sources are suitable and may be used.

This is shown schematically in Figure 1. The p-polarised near infrared
laser beam 11 passes through the focusing lens 12 and then through the glass
prism 13 where the substrate 14 with a microfabricated metal film is attached
with an index matching liquid or gel. The glass prism may be a triangular prism

as shown or a hemi-cylindrical prism. The angle of illumination is chosen slightly
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polynucleotide is then synthesised by the polymerase, After the complementary
polynuclectide is synthesised, the temperature at which the reaction is
performed is increased so that the hybridisation between the complement and
the target is disrupted and dissociation occurs. The target and the complement
may then be used as substrates for further amplification.

The amplification reaction and the detection of the binding/interaction
between the molecule and any amplified product is intended to be carried out in
the same reaction vessel and in ‘real-time”, i.e. both amplification and detection
are carried out at the same time. As the amplification reaction proceeds, the

amount of amplified product can be measured. Identification of amplified
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Such interactions maybe measured at one particular point in the
amplification cycle and compared with like points within subsequent cycles (i.e.
at the same temperature in the case of thermocycling reactions). In one
particular preferred embodiment, interaction data are obtained for the entire
thermocycle and a “melting” curve obtained. In the case in which
polynucleotides are employed as the probe molecule, such curves are of
particular benefit due to their ability to more effectively distinguish between
covalently hybridised duplexes and “false” positive sequences containing smaller

regions of sequence homology.
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was injected into the flow stream at a rate of 5ul minute”. Association of the
complimentary sequence with the immobilised probe on the sensor surface
was detected by the interoferometric system. When the fluidic cell was
heated for 30 seconds (to a thermo-couple temperature of 50°C) the double
stranded DNA dissociated and the baseline returned to the previous level.
1mM NaNO; was injected into the flow stream and resulted in the removal of

the thiolated oligo from the sensor surface and a concominant decrease in



covalently hybridi sed dupl exes and "fal se" positive

sequences containing smaller regions of sSgguRNIGRIL003086
WOW&'&WV%y. WO 2005! 007887 15 PCT/ GB2004/ oosggg The ’

content of each of the pubh'cations referred to

herein, is incorporated by reference. The foll ow ng

AR b TR A A Sl oo
SGHQ?@ BidsHidnieEsovamck it Ara@riaphtf galyrycleabide estecatden and

outli1ned in co-pending international patent
dmpptibten ivilh aPEMEBiR/B8bs mataeuletds n wastiemehtesnraiakde.

sonically. i acetone a | aced 4.0, an ozone cl eaner
Thisris 9&5@%@%&#@?;&“ %ntﬁ%ﬂ%tfg@et"’f'ﬁéi é%hi p was then
assenbl ed into the system (Figure 1) and the
excitation |laser was focussed onto the | eading edge
of the mcrostructure. The | aser spot was then

adj usted so that optiml bulk refractive index
conpensation was achieved (for read-out an
interference pattern is fornmed on a CCD canera). The
assenbl ed sensor includes a mcro-flow cell, allow ng
sanples to be injected over the surface of the
sensor chip. A thiolated oligo was obtained from

Q Agen (5'-[Thi SS] TAAAACGACGECCAGTGC-3') after HPLC
purification. A1 Mof the solution of the thiolated
oligo in 5x SET buffer was incubated overnight in the
flowcell at a flow rate of 2041 hour'. The next day
the cell was washed with a flow rate of 51 m nute'
with 5x SET for ten mnutes, 5x SET, 0.1 % SDS for 60
m nutes, 5x SET for 10 m nutes and 5x SET, 0.1 %

mer capt ohexanol for 60 mnutes. The flow cell was
equilibrated with a fl ow stream of 2x SET at 54l

m nute' and held at 20 C. Conpl ementary DNA (5'-
GCACTGECCGICGITTTA) 14Min 2x SET was injected into
the flow streamat a rate of 51 mnute'. Association
of the conplinentary sequence with the i mmobilised
probe on the sensor surface was detected by the
interoferonmetric system Wen the fluidic cell was



heated for 30 seconds (to a therno-couple tenperature
w8hor@fkst he double stranded DNA dissoci ated and
baseline returned to the previous level. 1 nfil KBW/W“%
was injected into the flowgtreamand resulted in the
renmoval of the thiolated oligo fromthe sensor
Quifeee and a conconi nant decrease in WO 2005/ 007887
16 PCT/ GB2004/ 003086 correlation shift. This
experiment therefore denonstrates the |abel free
Surface Pl asnon Resonance nonitoring of
pol yvﬁjdn@tbtqddéorase@mtcmngora gralynuilestivei @npificaiidrh @action

1I| robe nol ecule as a functi on of
0 tg TB
Ct pes S s is of particul ar use in context of

real (i me PR ?%?r;ﬁ%%&og 884ctidPrCHr GRe %ﬁétﬁ& g{? o(]jf a target

CLAI 1. Ane monitoring a p

anplification pelgotcleatideonpri sing the steps of: (i)
carrying out a reac ion for_the anplification of a
targét) pol ynugl tregst Wieg q afierdne ﬁmphﬂ@ﬁtiqwe@rctm centacting

t he arrpllflcat n t fied
product with ah%oﬁﬁlg)ﬂﬁ %ﬁgﬁgg \gg@ a{]gno(gecueﬂﬁgtr hﬂd§ to or
with a pol ynucingerat@avitt &polyalLeebligs, Et%ﬁetéd&wwﬂg Jddated
a spatially defined POSItI on or being determ ned Via

a non-linear Braripa ﬁ'llwde@%éﬁOSlt!@m@mb@ur@ datwm(neldl Yia a
detecting the | bet ween d

product and th@ﬁ'ﬁéé%c |%orb€u%§%entx g in

app! (igd radi at §eactidg tﬁeﬂﬁfehélﬂmﬂ%%@érﬂﬂeté?nﬂlﬂ%:ﬁﬂduct and
wherein the nolecule is immopbilised to a

tielgcale bg measheng obamgzsoindippliet cadibidrm 1 or cl ai m

2, wherein the nolecule is a polynerase enzyne. 4, A
rrethod according to claim11 or claim2, wherein the

2mol eauhgthbd a%corfb%q AU9LHPY '\ﬁﬁ@relrﬁheln%}?%uég iPRIAARs S to a

whi ch is conplenentary to reglo
support material.

3. A method according to claim 1 or claim 2, wherein the molecule is a

polymerase enzyme.

4, A method according to claim 1 or claim 2, wherein the molecule is a
polynucleotide, at least a portion of which is complementary to a region on the

amplified product.

5. A method according to claim 4, wherein the molecule acts as a primer for

the amplification reaction.

6. A method according to any preceding claim, wherein detection in step (iii)
is carried out by applying surface electromagnetic waves and monitoring

changes in the waves.



anplified product. 5. A nmethod according to claim4,

Wherein the nolecule acts as a prinmer for ghe;ra004/003086
Woﬁ?fﬁf"r‘@%ati on reaction. 6. A nethod according to any

preceding claim wherein defgection in step (iii) 1is
carried out by applying surface el ectromagneti c waves

nd ' ' ; | h 0Q5L00:288
Ao T4 DB 43 BGURE et ORSLAREAS by
easMiPgeinanges Reéirfitel Slagi@bn r@sbrauteby  measuring
changes in surface plasnon resonance. 6. Apparatus

for nmonitoring a polynucl eotide anplification
eactjon, ., copprising .a suppart terla ' a .
Er o et HB e Behon AonrehindBirotik s pfitiedtpp® reaction
: ' iAPh&d; ' iudse r@bbilised
CHARBINS FRRIP e LI 4 By demprog o
tabesage sthien nayaduilesd Haadigathenability to bind to or interact with a

polynucleotide, and means for detecting changes in applied radiation.



